Background: Although technically regarded as a simple procedure, titanium mesh cranioplasty could lead to various surgical complications, including postoperative implant exposure. However, there is little data available on the occurrence and risk factors of this complication in the pediatric population. Cases presentation: Two pediatric male patients, one 12-year-old and one 7-year-old, had decompressive craniectomy after traumatic brain injuries and subsequent cranioplasty with titanium mesh. However, both patients had skin defects developed gradually at the scalp adjacent to the surgical incisions, 11 and 7 months after cranioplasty, respectively. Implants removal surgeries were then delivered and, during the operation, some bone debris were found just beneath the skin defects in both patients. Because microbiological culture results of the exudations were negative, in addition to the long interval between cranioplasty and developments of skin defects, surgical infections might not be major causes of the observed titanium implants exposures. On the other hand, local osteogenesis and impaired scalp blood supply might contribute to their occurrence. Conclusions: Efforts should be made to achieve complete clearance of bone debris and protect scalp blood supply during the initial decompressive craniectomy in order to minimize the risks of subsequent titanium mesh exposures.
Background
Decompressive craniectomy is a routine neurosurgical procedure used to treat patients with refractory high intracranial pressures caused by traumatic brain injury, stroke, and other vascular and neoplastic conditions [1, 2] . The increased survival rates of trauma patients who underwent decompressive craniectomy necessitate reconstructions of these cranial defects for both cosmetic and protective purposes [3] . In addition, cranioplasty is also reported to produce cognitive benefits in these patients, especially in children [4] . Various materials, such as autogenous/xenogenous bone grafts, gold and polymethylmethacrylate, have been used for cranioplasty. However, there is a general preference of titanium mesh to repair the cranial defects because of its biocompatibility, rigidity, lightness, as well as compatibility with magnetic resonance imaging scans [5] . Although regarded as a surgically simple procedure, cranioplasty with titanium mesh has been associated with a high surgical complication rate that is up to 34% [6] . Among them, surgical infection and postoperative hematoma usually require reoperation [7, 8] .
Pediatric patients differ from their adult counterparts both physiologically and anatomically. For example, regrowth of the cranium is more common in children than in adults [9] . However, when autologous bone is used for cranioplasty, the pediatric population is reported to have a much higher bone absorption rate than adults [10] . There is still little data available regarding complications associated with titanium cranioplasty in pediatric patients and the associated risk factors [11] , and we reported here two pediatric cases of titanium mesh exposure after cranioplasty. The key findings of both cases are development of osteogenesis just beneath the skin defects and long interval between cranioplasty and mesh exposure. Therefore, instead of surgical infection, osteogenesis of the remaining bone debris and impaired scalp blood supply might contribute to the occurrences of the postoperative mesh exposure.
Case presentation
The first case was a 12-year-old male patient who complained about a scalp defect (2.0 × 3.0 cm) and exposure of the titanium mesh underneath. On review of his medical history, he received a right side decompressive craniectomy because of traumatic brain injury. During the initial emergence decompression procedure, a right fronto-parieto-temporal bone flap (11.0 × 13.0 cm) was removed and, in order to reduce adhesions between the cortex/dura and the overlying temporalis muscle/galea, an artificial dura mater was used for dura repair (Fig. 1a) . Three months after the initial operation, threedimensional (3D) computed tomography (CT) reconstruction of the cranium revealed the existence of some small residual bone debris at the surgical site under the scalp (Fig. 1b&c ). These CT images were also used for manufacturing of the titanium mesh. For cranioplasty, routine perioperative antibiotics and post-operative subgaleal drainage were used. The postoperative course was uneventful and follow-up CT scans performed 2 months (Fig. 1d&e ), 5 months (Fig. 1f ) and 9 months (Fig. 1g ) after titanium cranioplasty revealed gradual enlargements of the bone debris under the implant. Nine months after cranioplasty, the patient complained about thinning and reddening of the right fronto-parietal scalp but no treatment was given at that time. Eleven months after cranioplasty, a scalp defect (2.0 × 3.0 cm) appeared at the right parietal scalp with exposure of the titanium mesh underneath (Fig. 1h) . Local sterile dressing was first given for several days and, in view of no sign of spontaneous healing of the defect, an implant removal surgery was delivered. During the operation, we found the implant under the skin defect was covered by granulation tissue (5.0 × 6.0 cm) and, in accordance with preoperative CT findings, a small bone debris (1.0 × 2.0 cm) was found under the mesh, right under the skin defect (Fig. 1i&j) . Granulation tissues and exudations were Fig. 1 Cranial computed tomography (CT) scan of a 12-year-old male patient who undergone a right decompressive craniectomy because of traumatic brain injury (a). Three months after the initial operation, CT scan (b) and 3D reconstruction of the cranium (c) revealed the existence of residual bone scraps under the scalp (white arrow). Follow-up CT scans after cranioplasty with titanium mesh at 2 months (d & e), 5 months (f) and 9 months (g) indicated gradually enlargement of the bone debris under the implant (white arrow). Eleven months after cranioplasty, a scalp defect (2.0 × 3.0 cm, white arrow head) appeared at the right parietal skin with exposure of the titanium mesh underneath (h). During the implant removal operation, we found the implant under the skin defect was covered by granulation tissue (5.0 × 6.0 cm, multiple white arrow) and an enlarged bone debris (1.0 × 2.0 cm, single white arrow) was found under the mesh (i). After removal of the titanium mesh, the ossification site (white arrow) was found to be right under the defect (white arrow head) (j). All the bone debris were removed during operation (e). Clinical follow-up at 2 months later showed satisfactory wound healing (k) sampled and sent for microbiological cultures. However, negative result was reported. After removal of the implant, and clear of all the granulation tissues and bone debris, the incision was closed in layers with sutures. The patient received routine perioperative antibiotic treatments and was discharged without complication 2 weeks after the operation. Clinical follow-up at 2 months later showed satisfactory wound healing (Fig. 1k) .
The second case was a 7-year-old male patient admitted to our hospital for similar reason. His scalp defect was 1.0 × 2.0 cm and he had received a bifrontal decompressive craniectomy because of traumatic brain injury. Seven months after the initial operation, a second cranioplasty was arranged to fix the cranial defects with preformed titanium mesh. The postoperative course was uneventful and the patient was discharged from the hospital. Seven months after cranioplasty, the patient complained about the development of a small skin defect (1.0 × 2.0 cm) at the right frontal scalp, adjacent to the incision (Fig. 2a) . Initial treatments included sterile dressing and intravenous injection of antibiotics. However, because the defect gradually become larger, implant removal was performed (Fig. 2b) . Similar to the first case, the implant under the defect was covered by granulation tissue (4.0 × 5.0 cm) and distinctive ossifications (0.5 × 1.0 cm) were found under the mesh, just beneath the defect (Fig. 2c-e) . Specimens were taken and negative microbiological cultures results were reported. After removal of the implant and debridement, the incision was closed with sutures. This patient also received empirical antibiotic treatment after the operation and was discharged without complication. Clinical follow-up at 5 months later showed satisfactory wound healing (Fig. 2f ) .
Discussion
In order to restore the skull defect produced by craniectomy, cranioplasty is usually performed with either autogenous or alloplastic materials [12] . Although autogenous bone graft is still the best choice whenever possible [13] , titanium mesh has been a popular alternative in view of its lightweight, rigidity, and biocompatibility [14] . Although regarded as a technically simple procedure, cranioplasty has been suggested to have a high complication rate. For example, scalp infections and exposure of the implant may sometime be life threatening and usually require implant removal. However, surgical infections are not likely to be the major causes of implants exposures in our cases. First, neither the patients' symptoms, e.g. body temperatures, nor the lab tests, e.g. microbiological cultures results, supported the existence of bacterial infections. Second, the time interval between cranioplasty and development of scalp defects was much longer than that were reported in Fig. 2 A 7 -year-old male patient who had undergone a bifrontal decompressive craniectomy presented with scalp defect (0.5 × 1.0 cm, white arrow head) at right frontal scalp 7 months after titanium mesh cranioplasty (a). Because of gradual increases in the defect size (1.0 × 2.0 cm, white arrow), an implant removal operation was performed 7 months after cranioplasty (b). During the operation, the implant under the skin defect was covered by granulation tissue (4.0 × 5.0 cm in size, multiple white arrows) and ossifications (0.5 × 1.0 cm, single white arrow) was located right under the defect (c & d). All the bone debris were removed during operation (e). Clinical follow-up at 5 months later showed satisfactory wound healing (f) literatures. For example, previous studies have shown the median time from implantation to removal of the implant after infection was 55 days [5] . In our both cases, the titanium mesh was exposed 11 and 7 months after cranioplasty. On the other hand, osteogenesis from the residual bone debris might, at least partially, be responsible for the occurrence of scalp defect. This hypothesis is based on intraoperative observation of a relatively large area of granulation tissue and, more importantly, an enlarged bone debris just under the defects. Previous study has also suggested titanium mesh, as an alloplastic material, is favorable for osteogenesis under the implant [15] . In addition, both cases were pediatric patients and children have greater capacity for tissue regeneration, including ossification of the skull defects [16] . The possible explanation for this osteogenesis related implant exposure might be as flows. First, osteogenesis is a multistep process that involves inflammatory response and the various inflammatory cytokines released during the reossification process might influence adjacent skin healing. Second, the gradually enlarged bone debris might also impart a mechanic stress on the adjacent skin. Therefore, both chemical and physical factors might contribute to the development of scalp defect. Since these residual bone scraps might be a risk factor for development of scalp defect, cautions should be taken to debride the wound completely before closure of the skin incision at the initial craniectomy, especially in the pediatric patients. Other factors, such as impaired blood supply to the scalp, might also contribute to the development of defect and subsequent implant exposure. Further clinical and laboratory studies are needed to clarify the relationship between osteogenesis and development of scalp defects in pediatric patients who received titanium mesh cranioplasty.
Conclusions
Osteogenesis and impaired blood supply might contribute to the development of scalp defects and exposure of titanium mesh underneath in pediatric patients. Complete debridement of bone scraps and protection of the blood supply at the initial craniectomy might help to reduce the risk of its occurrence. 
